Objective: The literature on nasopharyngeal carcinoma survival in the United States has focused mostly on Whites or Asians and not much is known about survivorship in other minority racial and ethnic groups. We aimed to determine the disease-specific survival rate and prognostic factors for nasopharyngeal carcinoma survival across the minority United States population.
Arctic, and North Africa. 3 In Asia, nasopharyngeal carcinoma constitutes up to 18% of all malignant tumours, with especially high prevalence among southern Chinese population and Chinese immigrants to North America. 3 Several studies in the United States have characterised the epidemiology of nasopharyngeal carcinoma, and survival differences based on race and ethnicity have been noted. [5] [6] [7] Asians not only have increased incidence rates of nasopharyngeal carcinoma but also increased overall and disease-specific survival rates in comparison to other races, 5, 7 while Blacks have increased prevalence in the paediatric and young adult populations. 6 Gaps exist in the literature on race and ethnicity; however, and Alaskan Natives and Hispanics have been relatively under-researched. 5, 8 Head and neck cancer patients of minority racial and ethnic background typically have unique factors such as stage of presentation, barriers in access to care, and other poor prognostic factors 9 that warrant an independent study of disparities in nasopharyngeal carcinoma survival exclusively in minority populations of the United
States. Thus, the objective of this study was to compare the diseasespecific survival rate and prognostic factors of nasopharyngeal carcinoma among Asians/Pacific Islanders, Blacks, Hispanics, and American Indians/Alaska Natives. Findings from this study could help identify the minority group with the worst survival that requires more attention.
| MATERIALS AND METHODS

| Ethical consideration
Our study used the Surveillance, Epidemiology and End Results (SEER) 13 database, housed by the National Cancer Institute (NCI). Because SEER is publicly available database with de-identified data, this study was exempt from consideration by the Saint Louis University IRB.
| Data source and population
Data were from the Surveillance, Epidemiology and End Results (SEER) 13 database housed by the National Cancer Institute (NCI).
SEER 13 encompasses about 13.4% of the total United States population from registries in 13 regions of the country and includes cases diagnosed from 1992-2014. 10 However, because our categorisation of race/ethnicity includes Hispanic origin, we were not able to include cases from the Alaska Native registry for all analyses using the race/ethnicity variable per instructions from SEER.
11
We included patients (n = 2549) at least 
| Measures
| Statistical analyses
Chi-squared tests and independent samples t tests where appropriate determined preliminary associations for race/ethnicity and other covariates with death from any cause. Kaplan-Meier survival curves stratified by race/ethnicity were plotted using cause-specific mortality from nasopharyngeal cancer, in which those who died from causes other than nasopharyngeal cancer were censored. A log-rank test determined if there were significant survival differences overall among the various race/ethnicity groups, and Bonferroni adjustments compared each pairing of race/ethnicity groups to determine which race/ethnicity pairings had significantly different survival.
Keypoints
• Asians/Pacific Islanders had more cases of disease, but also best disease-specific survival among all US minority groups
• American Indians/Alaska Natives consistently had worst disease-specific survival
• Keratinising histology and older age were also poor prognostic factors in the study
• Beyond histology, race may play a crucial role in nasopharyngeal carcinoma survival.
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A Fine and Gray multivariable competing risks model 13 was fitted to determine hazard of death from nasopharyngeal cancer for race/ ethnicity, controlling for age at diagnosis, year of diagnosis, sex, marital status, stage, histology, surgery, radiation and chemotherapy.
Those who did not die from any cause during the follow-up time were censored. This model yielded adjusted hazard ratios (aHRs) and their 95% confidence intervals (CIs) to determine significant predictors of death from nasopharyngeal cancer.
We also performed a sub-analysis using a race variable that incorporated cases from the Alaska Native registry and excluded Hispanic ethnicity. The race categories were Black, American Indian/ Alaska Native and Asian/Pacific Islander. The same covariates used in the main analysis were used in this sub-analysis.
Finally, we performed a sensitivity analysis including only patients diagnosed from 2000-2014, as radiation treatment in 2000s
and later shifted from two-dimensional radiation to mostly Intensitymodulated radiation therapy (IMRT) 14 and computer-controlled radiation therapy (CCRT). 15 All analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA); tests were two-tailed and α was set at 0.05.
| RESULTS
| Demographic characteristics
A cohort of 2549 patients with first primary nasopharyngeal carcinoma were included in the study. More than one-third (36%) of patients died from nasopharyngeal cancer. Most patients were NH Asians/Pacific Islanders (75%), followed by NH Blacks (13%), Hispanics (11%) and NH American Indians/Alaska Natives (1%). The mean age at diagnosis in years was 51.7 ± 14.0, and patients who died from any cause were more likely to be males, NH Black and widowed (Table 1) .
| Survival curves and Bonferroni adjustments
The log-rank tests for the cause-specific Kaplan-Meier survival curves ( Figure 1 ) showed significant differences among the race/ethnicity groups (P < 0.001). NH American Indians/Alaska Natives had the worst survival of any group and that NH Asians/Pacific Islanders consistently had the best survival of any group. Bonferroni adjustments also indicated that NH American Indians/Alaska Natives had significantly lower cause-specific survival than NH Blacks (P = 0.006) and NH Asians/Pacific Islanders (P < 0.001). NH Asians/Pacific Islanders also had better cause-specific survival than Hispanics (P < 0.001) and non-Hispanic Blacks (P < 0.001). There were no significant differences for cause-specific survival between Hispanics and NH Blacks or between Hispanics and NH American Indians/ Alaska Natives (P > 0.05).
| Multivariable competing risks model
The multivariable Fine and Gray competing risks model (Table 2) with race/ethnicity as the primary independent variable and death from nasopharyngeal cancer as the event of interest showed similar results to the Kaplan-Meier survival curves. 
| Sub-analysis for race
We performed a sub-analysis examining cause-specific survival differences among American Indians/Alaska Natives without considering
Hispanic ethnicity. The log-rank test for the survival curves showed a significant survival difference among the race groups (P < 0.001). Bonferroni adjustments revealed that American Indians/Alaska Natives and Blacks had significantly worse survival than Asians/Pacific Islanders (P < 0.001) ( Figure S1 ). The Fine and Gray model (Table S1) (Table S1 ).
| Sensitivity analysis for patients diagnosed
2000-2014
The model only examining patients diagnosed from [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] showed that NH Blacks (aHR = 1.40, 95% CI 1.06, 1.86) had an increased hazard of death from nasopharyngeal cancer compared to NH Asians/Pacific Islanders (Table S2) .
| DISCUSSION
| Synopsis of key findings
The purpose of this study was to determine disease-specific survival 
| Comparisons with other studies
Our finding that non-Hispanic Asians/Pacific Islanders had the highest disease-specific of any other race/ethnicity has been reported previously but these studies mostly compared them with the White population in the United States. 17, 18 In our study, we compared rates to other minority populations, and the results remained the same as those previously published. While Asian Pacific Islanders had the best overall prognosis, our study found that the Alaskan Natives/American Indians fared worst of all minority racial and ethnic groups in the United States. Alaska Natives/American Indians have been previously described as a vulnerable population with significant risk factors for nasopharyngeal carcinoma, especially due to high rates of smoking, alcohol abuse, 9 and EBV positive status, 8 but no other study until now had described their nasopharyngeal cancer survival compared with other racial/ethnic minorities. These poor outcomes may be due to advanced stage at diagnosis and significant barriers to receiving radiation or chemoradiation. Previous studies of head and neck cancer outcomes among NH American Indians/Alaskan Natives, albeit compared with Whites and excluding other racial minorities, have consistently shown that this population are more likely to present with advanced stage disease, which is very important for prognosis of head and neck cancer. 9, 21 Geographic isolation, different healthcare infrastructure from the continental United States, lack of private health insurance, and transportation difficulties have been implicated as barriers to accessing adequate health care in these populations. 9, 21, 22 In addition, potential racial discrimination, cultural misunderstandings, family/work responsibilities, physician-patient communication barriers and health literacy could explain poor outcomes among these groups. 22 A previous study stated that Native Americans had the longest travel times to cancer treatment facilities compared with every other racial/ethnic group in the United States. 23 These barriers may prevent this population from receiving proper screening and early diagnosis, which leads to latestage cancer presentation. Poor access to care among non-Hispanic Alaska Natives/American Indians could also result in challenges in long-term follow-up for nasopharyngeal cancer patients such as missed medical appointments. 
| Study limitations and strengths
This study had some limitations. First, SEER data is retrospective in nature, so no causal inferences could be drawn. Second, while tobacco, alcohol and EBV are known risk factors for nasopharyngeal cancer, the SEER only provides tobacco and alcohol use at the county level and does not provide EBV status, so we could not control for these potential risk factors. Third, the sample size for American Indians/Alaskan Natives population was very small both when considering Hispanic ethnicity (n = 22) and not considering it (n = 77).
Notwithstanding these limitations, this study makes an important contribution to the head and neck literature, highlighting the survival disparities that exist within the racial and ethnic minority populations, especially the American Indian/Alaska Native population. In addition, although nasopharyngeal carcinoma is very rare, the SEER 13 database allowed us to analyse more than 20 years' worth of data from 1992-2014, which allowed for a more comprehensive analysis of the racial/ ethnic minority populations. Our study also benefitted from advanced statistical analyses. We tested for hazards of death from nasopharyngeal cancer in the presence of competing causes of death, using the Fine and Gray regression method, 13 which is a more robust analysis than the general Cox regression as it considers the fact that cancer patients could die from other causes than their primary cancer.
| CONCLUSIONS
In conclusion, our study showed that there are disparities in nasopharyngeal carcinoma survival among racial and ethnic minority groups in the United States, with American Indians/Alaskan Natives faring worst compared to all other minority groups. With very limited research on cancer health disparities among American Indians/ Alaskan Native population, it is critical that future research focuses on nasopharyngeal carcinoma among this population to improve survival and mitigate cancer-related health disparities.
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